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In the present work, two dissimilar AISI 304 and AISI 430 sheets of 0.4mm thick is butt 
welded using Micro Plasma Arc Welding. Welding input parameters like peak current, base 
current, pulse rate and pulse width are considered and output responses like fusion zone 
grain size, hardness and ultimate tensile strength of the welded joint are considered. 31 
experiments are performed as per Central Composite Design (CCD) design matrix of 
Response Surface Method (RSM) by considering four factors and five levels of weld input 
parameters. Grey Relational Analysis (GRA) is carried out by minimizing fusion zone grain 
size and maximizing fusion zone hardness and ultimate tensile strength to find the optimal 
combination of weld input parameters.  The order of importance of weld input parameters 
are also identified and improvement in Grey Relational Grade was found. 
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INTRODUCTION 
Dissimilar metal welds between austenitic 
and ferritic stainless steels with low carbon 
content are extensively utilized in many 
high temperature applications such as 
energy conversion systems. For instance, 
in central power stations, sections of the 
boilers subjected to lower temperature are 
made from ferritic stainless steel for 
economic reasons. The other operating at 
higher temperatures, are constructed with 
austenitic stainless steel. Therefore, the 
transition welds are needed between the 
two stainless steels [1, 2]. A wide range of 
industries including chemicals, 
pharmaceuticals, textiles, food, drink, pulp 
and paper are using ferritic-austenitic 
stainless steel. 
 
Joining of dissimilar metals is really a 
challenging task due to difference in their 
thermal, mechanical and chemical 
properties welded under a common 
welding condition. A variety of problems 
evolves in dissimilar welding like 
cracking, large weld residual stress, 
migration of atoms during welding causing 
stress concentration on one side of the 
weld, compressive and tensile stresses, 
stress corrosion cracking etc. To overcome 
these challenges, it is required to study the 
effect of welding process parameter on 
mechanical property. However, joining of 
dissimilar metals has found its use 
extensively in power generation, 
electronic, petrochemical and chemical 
industries, nuclear reactors due to 
environmental concerns, energy saving, 
high performance, cost saving and so on. 
 
From the literature review it is understood 
that Ramesh Kumar S et al. [3] carried out 
PAW on AISI 304 austenitic and AISI 430 
ferritic stainless steel combination in this 
paper. They studied parameter 
optimization, microstructural behavior and 
mechanical properties. G. Madhusudan 
Reddy et al. [4]studied Microstructure and 
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mechanical properties of similar and 
dissimilar welds of austenitic stainless 
steel (AISI 304), ferritic stainless steel 
(AISI 430) and duplex stainless steel (AISI 
2205) joined using electron beam welding 
and friction welding. Lokesh Kumar et 
al.[5] investigated the effect of current on 
the microstructure and mechanical 
properties in SMAW and GTAW process, 
formed by AISI 304 (ASS) and AISI 430 
(FSS) with AWS E308L austenitic 
stainless steel covered electrode.M.M.A. 
Khan et al.[6] carried out laser beam 
welding of dissimilar AISI 304L and AISI 
430 stainless steels. Experimental studies 
were focused on effects of laser power, 
welding speed, defocus distance, beam 
incident angle, and line energy on weld 
bead geometry and shearing force. Saeid 
Ghorbania et al.[7]joined dissimilar 
austenitic stainless steel (AISI304L) and 
ferritic stainless steel (AISI430) have been 
welded with two types of ﬁller metals 
(316L and 2594L) by GTAW and studied 
the eﬀect of heat treatment on the 
microstructure, mechanical properties, and 
corrosion properties of welded joint.R. 
Ghasemi et al.[8]performed GTAW 
welding  of AISI 304 to AISI 430 stainless 
steel. Three filler metals including 
ER309L, ER316L and ER2594 were 
applied. A.Arun Mani et al. [9] studied 
microstructural characteristic of dissimilar 
welded components (AISI 430 ferritic-
AISI 304 austenitic stainless steels) by 
CO2 laser beam welding (LBW).Sarah S 
Farhood et al.[10]  investigated  the effect 
of pulsed Nd-YAG laser welding of AISI 
304 to AISI 430 stainless steel was 
investigated. Laser parameters such as 
(peak power, pulse duration and welding 
speed) were changed and the change in 
properties was measured. G. Madhusudhan 
Reddy et al.[11] studied dissimilar metal 
welding of austenitic (AISI 304)-ferritic 
(AISI 430) stainless steel has been taken 
up to understand the inﬂuence of the 
welding process on microstructure and 
mechanical properties. In the present work 
Pulsed Current Micro Plasma Arc Welding 
(MPAW) is used to join two dissimilar 
AISI 304 and AISI 430 sheets of 0.4mm 
thick. Welding input parameters like peak 
current, base current, pulse rate and pulse 
width are considered and output responses 
like fusion zone grain size, hardness and 
ultimate tensile strength of the welded 
joint are considered. The objective of the 
paper is to optimize welding parameters 
namely peak current, base current, pulse 
rate and pulse width in order to minimize 
fusion zone grain size and maximize 
fusion zone hardness and ultimate tensile 
strength using Grey Relational Analysis. 
 
EXPERIMENTATION 
Two dissimilar steels of AISI 304 and 
AISI 430 of 0.4mm thick sheets of 100 x 
150 x 0.4 mm are welded autogenously 
with square butt joint without edge 
preparation. The chemical composition 
and tensile properties of two dissimilar 
AISI 304 and AISI 430 sheets of 0.4mm 
thick sheet is given in Table .1a, 1b, 2a 
&2b. High purity argon gas (99.99%) is 
used as a shielding gas and a trailing gas 
right after welding to prevent absorption of 
oxygen and nitrogen from the atmosphere. 
The welding has been carried out under the 
welding conditions presented in Table .3. 
There are many influential process 
parameters which effect the weld quality 
characteristics of Pulsed Current MPAW 
process like peak current, back current, 
pulse rate, pulse width, flow rate of 
shielding gas, flow rate of purging gas, 
flow rate of plasma gas, welding speed etc. 
From the earlier works [12-14] carried out 
on Pulsed Current MPAW it was 
understood that the peak current, back 
current, pulse rate and pulse width are the 
dominating parameters which effect the 
weld quality characteristics. The values of 
process parameters used in this study are 
the optimal values obtained from our 
earlier papers [12-14].  Hence peak 
current, back current, pulse rate and pulse 
width are chosen and their values are 
presented in Table .4. Details about 
experimental setup are shown in Figure .1. 
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Figure 1: Micro Plasma Arc Welding Setup 
 
Table 1(a): Chemical composition of AISI 304 (weight %) 
C Si Mn P S Cr Mo Ni Al 
0.06310 0.4370 0.9390 0.0300 0.0020 18.6300 0.250 8.0900 0.0010 
Co Cu Nb Ti V W Pb Fe N 
0.21580 0.3660 0.0280 0.0080 0.1660 0.0530 - 70.600 - 
 
Table 1(b): Chemical composition of AISI 430 (weight %) 
C Si Mn P S Cr Mo Ni Al 
0..0550 0.3830 0.3430 0.0070 0.0020 16.8600 0.0730 0.1300 0.0020 
Co Cu Nb Ti V W Pb Fe N 
0.0060 0.0380 0.0320 0.0030 0.1350 0.0250 - 81.700 - 
 
Table 2(a): Tensile properties of AISI 304 
Elongation (%) Yield Strength (MPa) Ultimate Tensile Strength (Mpa)  
24.80 384 508 
 
Table 2(b): Tensile properties of AISI 430 
Elongation (%) Yield Strength (MPa) Ultimate Tensile Strength (Mpa)  
22.40 372 512 
 
Table 3:  Welding conditions 
Power source Secheron Micro Plasma Arc Machine (Model: PLASMAFIX 50E) 
Polarity DCEN 
Mode of operation Pulse mode 
Electrode 2% thoriated tungsten electrode 
Electrode Diameter 1.5 mm 
Plasma gas Argon & Hydrogen 
Plasma gas flow rate 6 Lpm 
Shielding gas Argon 
Shielding gas flow rate 6 Lpm 
Purging gas Argon 
Purging gas flow rate 4Lpm 
Copper Nozzle diameter 1mm 
Nozzle to plate distance 1mm 
Welding speed 230 mm/min 
Torch Position Vertical 
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-2 -1 0 +1 +2 
Peak Current 
(Amperes) 
A 14 16 18 20 22 
Base Current 
(Amperes) 
B 10 12 14 16 18 
Pulse Rate 
(Pulses/sec) 
C 20 30 40 50 60 
Pulse Width (%) D 10 20 30 40 50 
 
Measurement of Fusion Zone Grain Size 
Samples are drawn in transverse direction 
along the weld joint, by trimming the 
defective portion at the edges. Defective 
length of weld is identified visually and 
also by conducting dye pentrant and X-ray 
tests and mounted using Bakelite. Sample 
preparation and mounting is done as per 
ASTM E 3-1 standard. The transverse face 
of the samples are surface ground using 
120 grit size belt with the help of belt 
grinder and  polished sequentially using 
grade 1/0 (245 mesh size), grade 2/0( 425 
mesh size) and grade 3/0 (515 mesh size) 
sand paper. The specimens are further 
polished using aluminum oxide, diamond 
paste and velvet cloth on a disc polishing 
machine. The polished specimens are 
macro-etched using Etching was done 
using aquaregia solution (three parts HCl 
and part HNO3) for both ferritic and 
austenitic stainless steelssolution to reveal 
the microstructure. 
 
By varying the etching time microstructure 
and grain size of the weld zone are 
revealed. The micrograph of parent metal 
is shown in Figure .2 and weld fusion zone 
is shown in Figure .3 at 100X 
magnification. 
 
The grain sizes are measured randomly in 
the weld fusion zone (FZ) , where the 
grain size is uniform and undisturbed. 
 
   
Figure 2: (a) Microstructure AISI 304 Figure 2: (b) Microstructure AISI 430  Figure 2:(c) 
Microstructure at FZ 
 
   
Figure 3: (a) Grains at AISI 304 Figure 3: (b)Grains  at AISI 430 Figure 3: (c) Grains at FZ 
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Measurement of Fusion Zone Hardness 
The hardness of the weld fusion zone of 
the welded samples are measured using 
Vicker’s micro hardness testing machine 
(Make: METSUZAWA CO LTD, JAPAN, 
Model: MMT-X7) by applying a load of 
0.5 Kg as per ASTM E384. Average 
values of three readings of each sample are 
presented in Table .5.The variation of 
hardness across the weld joint is shown in 
Figure .4. It is understood from the Figure 
.4 that hardness is decreasing from the 
centre of the weld towards the HAZ. This 
is due to grain refinement taking place in 
the weld fusion zone, because of pulsing 
current used in the welding process.
  
 
Figure 4: Variation of hardness across the weld 
 
where 1 to 2 are HAZ (AISI 430), 3 to 
5FZ, 6 to 7 are HAZ (AISI 304)  
 
Measurement of Ultimate Tensile 
Strength (UTS) 
Tensile specimens are prepared as per 
ASTM E8M-04 guidelines using wire 
cut Electro Discharge Machining 
(Figure .5) in the transverse direction of 
the weld from each welded sample. 
Tensile tests are carried out on 100 KN 
computer controlled Universal Testing 
Machine (Model No: 9036TD, 
Sr.No.STS-522, Star Testing Systems). 
The specimen is loaded at a rate of 1.5 
KN/min as per ASTM specifications, so 
that the tensile specimens undergo 
deformation. From the stress strain 
curve (Figures .6), the ultimate tensile 
strength of the weld joints is evaluated 
and the average of the results of each 
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Figure 6: stress strain curve 
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Table 5: Experimental Results 
 INPUT PARAMETERS 
OUTPUT PARAMETERS 
EXPERIMENTAL 















1 16 12 30 20 28.4 274 470 
2 20 12 30 20 27.6 283 508 
3 16 16 30 20 30.2 284 468 
4 20 16 30 20 28.3 294 562 
5 16 12 50 20 30.8 272 480 
6 20 12 50 20 33.9 280 510 
7 16 16 50 20 29.4 286 474 
8 20 16 50 20 30.8 296 512 
9 16 12 30 40 36.2 272 468 
10 20 12 30 40 26.4 276 478 
11 16 16 30 40 33.4 272 476 
12 20 16 30 40 23.4 293 526 
13 16 12 50 40 36.4 264 472 
14 20 12 50 40 28.8 266 490 
15 16 16 50 40 30.2 270 482 
16 20 16 50 40 23.6 290 496 
17 14 14 40 30 35.8 264 448 
18 22 14 40 30 26.8 286 537 
19 18 10 40 30 32.6 268 468 
20 18 18 40 30 26.8 294 512 
21 18 14 20 30 28.6 282 498 
22 18 14 60 30 30.8 278 487 
23 18 14 40 10 29.6 288 498 
24 18 14 40 50 28.8 272 487 
25 18 14 40 30 30.6 282 489 
26 18 14 40 30 29.8 284 487 
27 18 14 40 30 30.6 282 489 
28 18 14 40 30 28.8 284 487 
29 18 14 40 30 29.6 282 489 
30 18 14 40 30 28.8 284 487 
31 18 14 40 30 30.2 286 490 
 
OPTIMIZATION 
Optimal solution from RSM 
From RSM, the optimal combination of 
welding parameters for minimum grain 
size and maximum hardness and ultimate 
tensile strength is presented in Figure.7. At 
a peak current of 22 Amperes , Base 
current of 18 Amperes, pulse rate of 20 
pulses/sec and pulse width of 50%, the 
optimal grain size is 11.519 Microns, 
Hardness is 296.714 VHN and UTS is 
599.809 MPa. The optimal combination 
obtained is not with in the 31 combination 
of experiments performed. However, they 
are within the selected range of welding 
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Figure 7: RSM optimal combination 
 
Grey Relational Analysis 
The grey system theory was proposed by 
Deng. The grey means the primitive data 
with poor, incomplete and uncertain 
information in the grey systematic theory. 
The incomplete relation of information 
among these data is called the grey 
relation. Grey relational analysis can 
effectively be recommended as an 
algorithm for optimising the complicated 
inter-relationships among multiple 
performance characteristics. A grey 
relational grade from GRA is obtained to 
evaluate the multiple performance 
characteristics, thereby, optimisation of the 
complicated multiple performance 
characteristics can be converted into the 
optimisation of a single grey relational 
grade.  
 
In grey relational analysis the following 
steps are involved: 
 Normalization of experimental data 
ranging from 0 to 1. 
 Finding grey relational coefficient 
based on normalized experimental 
data, to represent the correlation 
between the desired and actual 
experimental data. 
 Finding overall grey relational grade 
by averaging the grey relational 
coefficient corresponding to selected 
responses.  
 The overall performance characteristic 
of the multiple response process 
depends on the calculated grey 
relational grade.  
 This approach converts a multiple 
response process optimisation problem 
into a single response optimisation 
situation with the objective function as 
overall grey relational grade.  
 
The optimal parametric combination is 
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then evaluated which would result into 
highest grey relational grade. The steps 
followed in the optimisation process are: 
 
(i) Normalizing the experimental 
responses for all the trials. 
The normalized expression (1) 
corresponding to smaller-the-better criteria 









            (1)  
where, k=1 to n; i=1 to 25, n is the 
performance characteristic and i is the trial 
number. 
The normalized expression corresponding 










           
(2) 
where yi(k) is the value after grey 
relational generation, min xi(k) is the 
smallest value of xi(k) for k
th
 response and 















      
(3) 
where ∆0i(K) =P yo(K)- yi(K) P is the 
absolute value of the difference between 
yo(K)  and yi(K) 
∆min=min min ∆0i(K) 
∆max=max max ∆0i(K) 
ζ=distinguished coefficient 
(iii) Calculating the Grey relational grade 










                                    
(4) 
 
Analysis of grain size, hardness, UTS 
The specific targets in the present work are 
maximum hardness and UTS, minimize 
grain size. The above targets are prepared 
according to the specific requirements for 
manufacturing thin walled metal bellow. 
Initially, using Equations (1) and (2), 
experimental data have been normalized to 
obtain Grey relational generation. The 
normalized data and Δ0ifor each of the 
responses of bead geometry have been 
furnished in Table 6. The distinguishing 
coefficient ζ is substituted into Equation-2 
to produce the gray relational coefficient. 
If all the process parameters are of equal 
weight, then ζ becomes 0.5. The gray 
relational coefficients and grade values for 
each experiment of the design matrix are 
calculated by applying the Equations 2 and 
3 and tabulated (Table 7).  
 
To find out the optimum process 
parameters and their effects on selected 
output parameters, the mean of the Grey 
relational grade for each level of the 
parameter is required. Table 7 indicates the 
mean of overall grey relational grades. In 
GRA the optimal multiple response 
characteristics will be decided based on 
Grey relational grade. The response which 
is having highest Grey rational grade is the 
optimal solution.  The optimal 
performance for grain size, hardness and 
UTS are obtained for the following 
combination of input parameters: Peak 
current 20 Amps, Back Current   16 Amps, 
Pulse Rate  30 pulses/sec, Pulse Width   40 
%. 
 
Figure.8 indicates the effect of welding 
parameters on the multi-performance 
characteristics and the response graph of 
each level of the welding parameters for 
the performance. The higher values in 
Table 8 give the desired quality 
characteristic. Also, the maximum and 
minimum values of the grey relational 
grade show the importance of individual 
parameter in pulsed current MPAW 
process. Hence, the order of importance of 
the welding parameters is peak current, 




47 Page 38-50 © MAT Journals 2019. All Rights Reserved 
 
Journal of Mechanical and Mechanics Engineering 
e-ISSN: 2581-3722 
Volume 5 Issue 1 
Table 6: Grey relational generation and Δ0i of each performance characteristics. 
Exp. No. 
Normalized Deviation Sequence (Δ0i ) 
Grain size Hardness UTS Grain size Hardness UTS 
1 0.6154 0.3125 0.1930 0.3846 0.6875 0.8070 
2 0.6769 0.5938 0.5263 0.3231 0.4063 0.4737 
3 0.4769 0.6250 0.1754 0.5231 0.3750 0.8246 
4 0.6231 0.9375 1.0000 0.3769 0.0625 0.0000 
5 0.4308 0.2500 0.2807 0.5692 0.7500 0.7193 
6 0.1923 0.5000 0.5439 0.8077 0.5000 0.4561 
7 0.5385 0.6875 0.2281 0.4615 0.3125 0.7719 
8 0.4308 1.0000 0.5614 0.5692 0.0000 0.4386 
9 0.0154 0.2500 0.1754 0.9846 0.7500 0.8246 
10 0.7692 0.3750 0.2632 0.2308 0.6250 0.7368 
11 0.2308 0.2500 0.2456 0.7692 0.7500 0.7544 
12 1.0000 0.9063 0.6842 0.0000 0.0938 0.3158 
13 0.0000 0.0000 0.2105 1.0000 1.0000 0.7895 
14 0.5846 0.0625 0.3684 0.4154 0.9375 0.6316 
15 0.4769 0.1875 0.2982 0.5231 0.8125 0.7018 
16 0.9846 0.8125 0.4211 0.0154 0.1875 0.5789 
17 0.0462 0.0000 0.0000 0.9538 1.0000 1.0000 
18 0.7385 0.6875 0.7807 0.2615 0.3125 0.2193 
19 0.2923 0.1250 0.1754 0.7077 0.8750 0.8246 
20 0.7385 0.9375 0.5614 0.2615 0.0625 0.4386 
21 0.6000 0.5625 0.4386 0.4000 0.4375 0.5614 
22 0.4308 0.4375 0.3421 0.5692 0.5625 0.6579 
23 0.5231 0.7500 0.4386 0.4769 0.2500 0.5614 
24 0.5846 0.2500 0.3421 0.4154 0.7500 0.6579 
25 0.4462 0.5625 0.3596 0.5538 0.4375 0.6404 
26 0.5077 0.6250 0.3421 0.4923 0.3750 0.6579 
27 0.4462 0.5625 0.3596 0.5538 0.4375 0.6404 
28 0.5846 0.6250 0.3421 0.4154 0.3750 0.6579 
29 0.5231 0.5625 0.3596 0.4769 0.4375 0.6404 
30 0.5846 0.6250 0.3421 0.4154 0.3750 0.6579 
31 0.4769 0.6875 0.3684 0.5231 0.3125 0.6316 
 
Table 7: Grey relational coefficient and Grey relational grade of Each performance 
characteristics (ζ = 0.5). 
Experiment 
No. 
Grey Relation Coefficient Grey Relation Grade Rank 
Grain size Hardness UTS   
1 0.565 0.421 0.383 0.456  
2 0.607 0.552 0.514 0.558  
3 0.489 0.571 0.377 0.479  
4 0.570 0.889 1.000 0.820  
5 0.468 0.400 0.410 0.426  
6 0.382 0.500 0.523 0.468  
7 0.520 0.615 0.393 0.509  
8 0.468 1.000 0.533 0.667  
9 0.337 0.400 0.377 0.371  
10 0.684 0.444 0.404 0.511  
11 0.394 0.400 0.399 0.398  
12 1.000 0.842 0.613 0.818 1 
13 0.333 0.333 0.388 0.351  
14 0.546 0.348 0.442 0.445  
15 0.489 0.381 0.416 0.429  
16 0.970 0.727 0.463 0.720  
17 0.344 0.333 0.333 0.337  
18 0.657 0.615 0.695 0.656  
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19 0.414 0.364 0.377 0.385  
20 0.657 0.889 0.533 0.693  
21 0.556 0.533 0.471 0.520  
22 0.468 0.471 0.432 0.457  
23 0.512 0.667 0.471 0.550  
24 0.546 0.400 0.432 0.459  
25 0.474 0.533 0.438 0.482  
26 0.504 0.571 0.432 0.502  
27 0.474 0.533 0.438 0.482  
28 0.546 0.571 0.432 0.516  
29 0.512 0.533 0.438 0.495  
30 0.546 0.571 0.432 0.516  
31 0.489 0.615 0.442 0.515  
 
Table 8:  Response table (mean) for overall grey relational grade 
LEVEL Peak Current Base Current Pulse Rate Pulse Width 
1 0.3369 0.3850 0.5200 0.5499 
2 0.4275 0.4484 0.5514 0.5479 
3 0.5093 0.4971 0.5116 0.5069 
4 0.6259 0.6050 0.5020 0.5055 
5 0.6557 0.6927 0.4567 0.4593 
Delta 0.3188 0.3077 0.0947 0.0905 
Rank 1 2 3 4 
 
 
Figure 8: Effect of welding parameters on grey relational grade 
 
Confirmation Experiments for Grey 
Relational Analysis 
After evaluating the optimal parameter 
settings, the next step is to predict and 
verify the enhancement of quality 
characteristics using the optimal 
parametric combination. Table9 shows the 
comparison of the predicted weld bead 
geometry parameters with that of actual 
using the optimal MPAW welding 
conditions. There is a good agreement 
between the actual and predicted results 
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Table 9: Results of confirmation test for Grey Relational Analysis 
 Initial Values Experimental Values 
Combination A5B5C2D1 A5B4C3D2 
Grain Size 23.4 22.69 
Hardness 293 326 
UTS 526 549 
Grey Relation Grade 0.818 0.994 
 
From Table .9, it is understood that 
utilization of the optimal welding 
parameter combination enhances the grey 
relational grade from 0.818 to 0.994, i.e. 




The following conclusions are drawn 
based on the experiments performed. 
 Dissimilar metals of AISI 304 and 
AISI430 are butt welded using Micro 
Plasma Arc Welding at different 
combinations as per the RSM-CCD 
Design Matrix. 
 As per Response Surface Method at a 
peak current of 22 Amperes , Base 
current of 18 Amperes, pulse rate of 20 
pulses/sec and pulse width of 50%, the 
optimal grain size is 11.519 Microns, 
Hardness is 296.714 VHN and UTS is 
599.809 MPa. The optimal 
combination obtained is not within the 
31 combination of experiments 
performed (Table.5). However, they 
are within the selected range of 
welding parameter (Table.4). 
 The optimal performance for grain 
size, hardness and UTS are obtained 
for the following combination of input 
parameters: Peak current 20 Amps, 
Back Current   16 Amps, Pulse Rate 30 
pulses/sec, Pulse Width   40 %. The 
optimal combinations of input welding 
parameters are within the chosen 31 
combination of experiments (Table.5). 
 The order of importance of the welding 
parameters is peak current, base 
current, pulse rate and pulse width. 
 An improvement of 17.6% is obtained 
in Grey Relational Grade. 
 
ACKNOWLEDGEMENT 
We are thankful to Metallic Bellows (I) 




1. S. Missori and C. Koerber: Weld. J. 76 
(1997) 125s. 
2. M. Sireesha, V. Shankar, S. K. Albert 
and S. Sundaresan: Mater. Sci. Eng., A 
292 (2000) 74–82. 
3. Ramesh Kumar S, Akhilendar Kumar 
Singh, Sandeep S, Aravind P 
,Investigation on Microstructural 
behavior and Mechanical Properties of 
plasma arc welded dissimilar butt joint 
of austenitic- ferritic stainless steels , 
Materials Today: Proceedings 5 
,2018,pp. 8008–8015. 
4. G. Madhusudan Reddy & K. Srinivasa 
Rao Microstructure and mechanical 
properties of similar and dissimilar 
stainless steel electron beam and 
friction welds, 45, 2009, pp.875-888. 
5. Lokesh Kumar G, Karthikeyan.P, 
Narasimma Raj.C, Prasanna.B, George 
Oliver, Microstructure And Mechanical 
Properties Of ASS (304)-FSS (430) 
Dissimilar Joints In SMAW & GTAW 
process,2015,pp.367-378. 
6. M.M.A. Khana, L. Romoli a, M. 
Fiaschi b, G. Dini a, F. Sarri, Laser 
beam welding of dissimilar stainless 
steels in a fillet joint configuration 
,Journal of Materials Processing 
Technology 212,2012,pp.856–867. 
7. Saeid Ghorbania, Reza Ghasemib,c, 
Reza Ebrahimi-Kahrizsangia, Akbar 
Hojjati-Najafabadid, Effect of post 
weld heat treatment (PWHT) on the 
microstructure, mechanical properties, 
and corrosion resistance of dissimilar 
stainless steels, Materials Science & 
  
 
50 Page 38-50 © MAT Journals 2019. All Rights Reserved 
 
Journal of Mechanical and Mechanics Engineering 
e-ISSN: 2581-3722 
Volume 5 Issue 1 
Engineering A, 688 ,2017,pp. 470–
479. 
8. R. Ghasemi, B. Beidokhti, M. Fazel-
Najafabadi, Effect Of Delta Ferrite On 
The Mechanical Properties Of 
Dissimilar Ferritic-Austenitic Stainless 
Steel Welds, Arch. Metall. Mater.,63 
,2018, pp.437-443. 
9. A.Arun Mani, T. Senthil Kumar, M. 
Chandrasekar,Mechanical and 
Metallurgical properties of dissimilar 
welded components (AISI 430 ferritic 
– AISI 304 austenitic stainless steels) 
by CO2 laser beam welding (LBW), 
Journal of Chemical and 
Pharmaceutical Sciences, Special Issue 
.6, 2015,pp.35-338. 
10. Sarah S Farhood, Jassim M 
Almurshdy, Ahmed O Al-Roubaiy 
,Welding Of AISI 304 To AISI 430 
Stainless Steel By Pulsed Nd-YAG 
Laser, Journal of Scientific And 
Engineering Research, 3(1), 2016, 
pp.44-50. 
11. G. Madhusudhan Reddy, T. Mohandas, 
A. Sambasiva Rao , V. V. 
Satyanarayana, Influence of welding 
processes on microstructure and 
mechanical properties of dissimilar 
austenitic-ferritic stainless steel 
welds,20(2), 2005, pp.147-173. 
12. Kondapalli Siva Prasad, Ch.Srinivasa 
Rao, D.Nageswara Rao, Optimization 
of fusion zone grain size, hardness and 
ultimate tensile strength of pulsed 
current micro plasma arc welded 
Inconel 625 sheets using genetic 
algorithm, International Journal of 
Advanced Manufacturing Technology 
(Springer), Volume.85, Issue.8-12, 
pp.2287-2295. 
13. Kondapalli Siva Prasad, Ch.Srinivasa 
Rao, D.Nageswara Rao, Optimizing 
Fusion Zone Grain Size and Ultimate 
Tensile Strength of Pulsed Current 
Micro Plasma Arc Welded Inconel 625 
Alloy Sheets using Hooke & Jeeves 
Method, International Transaction 
Journal of Engineering, Management 
& Applied Sciences & 
Technologies,Volume 3, No.1, 2012, 
pp.87-100. 
14. Kondapalli Siva Prasad, Ch.Srinivasa 
Rao, D.Nageswara Rao, Effect of 
pulsed current micro plasma arc 
welding process parameters on fusion 
zone grain size and ultimate tensile 
strength of Inconel 625 sheets, Acta 
Metallurgica Sinica (English letters), 
Volume 25,Number 3, 2012,pp.179-
189. 
 
Cite this article as: 
G. Uma Maheswara Rao, & Dr. 
Ch.Srinivasa Rao. (2019). Optimizing 
Fusion Zone Grain Size, Hardness 
and Tensile Strength of Pulsed 
Current Micro Plasma Arc Welded 
AISI 304 and AISI 430 dissimilar 
Alloy using Grey Relational Analysis. 
Journal of Mechanical and Mechanics 
Engineering, 5(1), 38–50. 
http://doi.org/10.5281/zenodo.259911
7 
 
